Thank you for submitting your research manuscript (EMBOJ-2012-83296) to our editorial office. It has now been seen by three referees and their comments are provided below.
Transaction Report:
(Note: With the exception of the correction of typographical or spelling errors that could be a source of ambiguity, letters and reports are not edited. The original formatting of letters and referee reports may not be reflected in this compilation.) 1st Editorial Decision 16 October 2012
Thank you for submitting your research manuscript (EMBOJ-2012-83296) to our editorial office. It has now been seen by three referees and their comments are provided below.
All reviewers appreciate your study and are supportive of publication in The EMBO Journal. Therefore, I am happy to inform you that we are ready to proceed with acceptance of the paper, pending modification of a few minor points.
-Please address the minor points suggested by reviewer #2 and #3, which mainly entail adding a brief discussion and changing the labeling in certain Figures.
-I would like to suggest reconsidering the current title, which is not immediately intuitive to readers outside the field, especially since The EMBO Journal tries to attract a broad audience. Following similar reasoning, please define FG repeats as phenylalanine-glycine (FG) repeats in the abstract.
-It is currently not stated explicitly in the Figure legend how many replicates the data is based upon.
-Please add a conflict of interest statement as well as the author contribution to the main text.
To simplify the processing, you can just sent the amended text file in reply to this e-mail. After that, we should be able to swiftly proceed with formal acceptance and production of the manuscript! If you have any questions in this regard, please do not hesitate to contact me directly.
Yours sincerely,
Editor
The EMBO Journal ___________________________________ REFEREE COMMENTS Referee #1
In this manuscript a thorough analysis is reported on the biochemical and biophysical properties of vertebrate nucleoporin GF repeats. Surprisingly, NQ sequences that were previously shown to be important in yeast FG repeats appear to be dispensable in Xenopus for FG repeat interaction. Also remarkable is the role of O-linked glycosylation on the hydrogelic properties of Nup98 FG repeats, providing a clear rationale for this post-translational modification. While the manuscript lacks a clear focus, it is a valuable resource required for better understanding of the workings of the nuclear pore complex by solid experimentation.
Referee #2
Labokha et al. present a thorough biophysical analysis of FG-hydrogels generated in vitro using Xenopus laevis nucleoporins. This work is a highly informative extension of previous studies by the Gorlich group on FG-forming hydrogels. The authors show that hydrogels can effectively be formed with a large number of FG-domains of different sequence characteristics, and the authors go on to carefully establish differences and similarities between the matrices. There are several important conceptual advances, i.e. the characteristic stickiness of the Nup214 for the RanGTP-Crm1-NES export complex and its functional implication, combination of Nsp1 regions to create a proper FG hydrogel and the influence of O-GlcNac modification on Nup98-derived hydrogels. The experiments were carried out at a very high technical standard, figures are clear and informative, and the manuscript is well written. I only have minor comments the authors might want to consider in a revised manuscript. Besides that I am enthusiastically in favor of publication.
Minor Comments:
1)The authors show data that supports the notion that Nup214 is the terminal binding site for CRM1 export complexes on the cytoplasmic face of the NPC, since it binds the complex more strongly than other tested FG-hydrogels. This observation is effectively in support of the affinity-gradient model by M. Rexach. Although there is conclusive evidence against the generality of the affinity-gradient model, it would be nice to see a short discussion on the subject in this manuscript.
2)The authors study several non-FG regions and the hydrogels they form. Those regions clearly influence the properties of the adjacent FG regions, as the authors can show convincingly. It seems, at least to this reviewer, somewhat far-fetched and potentially misleading to call these regions 'FGlike' when there properties in isolation are highly varied, and sometimes even allow entry of large cargo, like tCherry, which should be excluded by a proper FG-hydrogel. Perhaps 'FG-modulators' would be a better name for those non-canonical, disordered regions.
Referee #3
Nuclear pore complexes (NPCs) control the exchange of proteins and nucleic acids across the nuclear envelope. They form a permeability barrier for macromolecules larger than approximately 30kDa, which need to bind appropriate transport receptors for passage through the NPC. The permeability barrier is formed by phenylalanine-glycine (FG) repeat domains present in many NPC proteins (nucleoporins) which form at least in vitro a hydrogel. This hydrogel formation was previously beautifully shown for the S. cerevisiae NPC protein NSP1 (PMID: 17082456 and 17693259) and in a recent publication for Xenopus Nup98 (PMID: 22901806). However, NSP1 and Nup98 as well as other nucleoporins differ significantly in the amino acids composition apart from phenylalanine and glycine in FG-rich regions which raises the question whether all the different nucleoporins could form similar hydrogels.
This question is systematically and thoroughly approached in the manuscript "Systematic analysis of barrier-forming FG hydrogels from Xenopus nuclear pore complexes" for all FG repeat containing nucleoporins of the Xenopus NPC. The authors find that despite significant differences in their amino acid content all FG-repeat domains can form hydrogels. However and interestingly, these hydrogels differ in their ability to exclude inert substances and to allow passage of transport receptors. The last point is most obvious for Nup98, which forms such a tight hydrogel that the passage of larger transport receptors is not possible. Interestingly, O-GlcN-acetylation, an abundant posttranslational modification in the protein, renders the protein capable of forming hydrogels which do allow passage of transport receptors. Together these data shed an interesting light on the requirements for hydrogels which is nicely discussed, i.e. they need to be adjusted to the right level of cohesiveness.
1st Revision -authors' response 25 October 2012
Reply to points raised by Reviewers and the Editor.
Editor:
Thank you for submitting your research manuscript (EMBOJ-2012-83296) We prefer the term "FG domain" instead of "FG repeats", because it includes more information than just the fact that it is repetitive. For example, we believe that the length of the domain matters for function. As already discussed over the phone, the term "FG domain" has gained through decades of usage a more specific meaning than "phenylalanine-glycine domain". It is not just enriched in phenylalanine and glycine, but in Phe-Gly dipeptide motifs, it is a non-globular domain providing binding sites for nuclear transport receptors, etc. The abstract does not provide sufficient space for an adequate definition, but we now expanded the introduction accordingly.
For the title, we considered dozens of possibilities and feel that the current title summarises the contents of the paper best. It is certainly true that not all readers will have heard of "FG hydrogels". However, an unfamiliar term is not necessarily a reason for skipping a paper; instead it might actually pique the reader's curiosity.
-It is currently not stated explicitly in the Figure legend how many replicates the data is based upon.
The graphs and gel images show each individual experiments. However, all hydrogel assays have been replicated for at least 6 times with virtually identical outcome. This is now explicitly mentioned in the Methods.
-Please add a conflict of interest statement as well as the author contribution to the main text.
This is now included into the revised manuscript.
To simplify the processing, you can just sent the amended text file in reply to this e-mail. After that, we should be able to swiftly proceed with formal acceptance and production of the manuscript!
We implemented a suggestion of reviewer 3 to improve the lettering of the figures. We therefore have to upload the figures again.
Referee #1

In this manuscript a thorough analysis is reported on the biochemical and biophysical properties of vertebrate nucleoporin GF repeats. Surprisingly, NQ sequences that were previously shown to be important in yeast FG repeats appear to be dispensable in Xenopus for FG repeat interaction. Also remarkable is the role of O-linked glycosylation on the hydrogelic properties of Nup98 FG repeats, providing a clear rationale for this post-translational modification. While the manuscript lacks a clear focus, it is a valuable resource required for better understanding of the workings of the nuclear pore complex by solid experimentation.
Thank you! Referee #2
Labokha et al. present a thorough biophysical analysis of FG-hydrogels generated in vitro using Xenopus laevis nucleoporins. This work is a highly informative extension of previous studies by the Gorlich group on FG-forming hydrogels. The authors show that hydrogels can effectively be formed with a large number of FG-domains of different sequence characteristics, and the authors go on to carefully establish differences and similarities between the matrices. There are several important conceptual advances, i.e. the characteristic stickiness of the Nup214 for the RanGTP-Crm1-NES export complex and its functional implication, combination of Nsp1 regions to create a proper FG hydrogel and the influence of O-GlcNac modification on Nup98-derived hydrogels. The experiments were carried out at a very high technical standard, figures are clear and informative, and the manuscript is well written. I only have minor comments the authors might want to consider in a revised manuscript. Besides that I am enthusiastically in favor of publication.
Thank you! If we were to discuss this model, then we would have to refer to the 2001 study. We prefer, however, not to discuss the affinity gradient model for several reasons: (i) Our manuscript is with ≈ 75 000 characters already very long.
(ii) The affinity gradient model aimed to explain the mechanism of NPC passage. It assumes that a high affinity-binding site on the trans side of the pore accelerates the actual NPC passage. For this to work, the high affinity binding sites would have to attract the nuclear transport receptor over a long distance (50-100nm?), which seems not feasible at a molecular scale. The model also avoids an answer to the question of what forms the permeability barrier in the first place. Discussing all these aspects would take more space than we have and distract the reader from the actual contents of our study.
(iii) The papers looked specifically at importin β (called also Kap95p in yeast). When we compared an Importin β-cargo complex (which should move into the nucleus) with an Importin β-RanGTP complex (which should move outward) we found only small differences: In the Nup153 gel, the cargo complex moved by a factor of 2 slower than the corresponding RanGTP complex. We did not include this comparison, because the stalling of Importin β-cargo complex in the Nup153 gel was far weaker than the stalling of the cargo-CRM1 complex at the surface of the Nup214 gel (compare Figures 2 and 3) .
2) The properties of hydrogels formed by canonical FG domains are also highly varied (some exclude inert macromolecules, others do not), so there is no fundamental difference to the domains we call FG-like domains. Likewise, one FG domain can modulate the permeability properties of a gel formed by another FG domain. We show that for the FG domains derived from the Nup62 complex (see Figures 1, 4 , and S4 of the current manuscript), and showed it previously for the cooperation between the NQ-rich and charged FG subdomains of Nsp1p (see Ader et al., 2010) . So also in this respect, there is not a fundamental difference between a canonical FG domain and what we call FGlike. The only striking difference between the two types is that FG domains contain many FG motifs, while the FG-like domains contain only few or none. We discussed the reviewer's suggestion extensively, but would prefer to stick with our previous terminology "FG-like domains".
Referee #3
Nuclear pore complexes (NPCs) 
